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(54) DUAL COMPARTMENT SEMICONDUCTOR PACKAGE WITH TEMPERATURE SENSOR

(57) According to an exemplary embodiment, a dual
compartment semiconductor package includes a con-
ductive clip having first and second compartments. The
first compartment is electrically and mechanically con-
nected to a top surface of the first die. The second com-
partment electrically and mechanically connected to a
top surface of a second die. The dual compartment sem-
iconductor package also includes a groove formed be-

tween the first and second compartments, the groove
preventing contact between the first and second dies.
The dual compartment package electrically connects the
top surface of the first die to the top surface of the second
die. The first die can include an insulated-gate bipolar
transistor (IGBT) and the second die can include a diode.
A temperature sensor can be situated adjacent to, over,
or within the groove for measuring a temperature of the
dual compartment semiconductor package.
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Description

BACKGROUND OF THE INVENTION

1. FIELD OF THE INVENTION

[0001] The present invention is generally in the field of
semiconductors. More particularly, the invention relates
to the packaging of semiconductor dies.

2. BACKGROUND ART

[0002] An insulated-gate bipolar transistor (IGBT) can
be connected to a freewheeling diode when implement-
ing a power switch in a high power application, such as
in a three-phase motor drive. In one approach to con-
necting the IGBT and the diode, the devices can be in-
cluded in a common package, or a co-package. For ex-
ample, a co-package can include the IGBT and the diode
on a common substrate in close proximity. However, the
IGBT and the diode may move resulting in undesirable
contact and reduced reliability. For example, the IGBT
and the diode may become very hot, resulting in failure
of the contact to the common substrate. In another ap-
proach, the IGBT and the diode can be in separate pack-
ages to reduce the risk of movement of the IGBT and the
diode. However, utilizing separate packages increases
distances between the IGBT and the diode, resulting in
a higher inductance connection between the devices.
Furthermore, bond wires are typically employed as inter-
connects, resulting in reduced current carrying capability,
higher inductance, and higher resistance.
[0003] In order to avoid excessive heating, a temper-
ature sensor may monitor the temperature of the IGBT,
and a heat sink may dissipate heat from the IGBT and
the diode. Where the IGBT has an external temperature
sensor, the temperature sensor can be difficult to place
in good thermal contact with the IGBT and can also in-
terfere with placement of the heat sink and other com-
ponents. Thus, an internal temperature sensor is typically
included with the IGBT. The internal temperature sensor
is monolithically formed with IGBT so that the tempera-
ture sensor is in good thermal contact with the IGBT while
being unobtrusive to placement of the heat sink another
the other components. However, including the internal
temperature sensor with the IGBT increases the size of
the IGBT and, moreover, accurate measurement of the
temperature signal is difficult due to a noisy environment
produced by switching the IGBT. Furthermore, the inter-
nal temperature sensor requires an extra mask layer dur-
ing fabrication of the IGBT, thereby increasing manufac-
turing cost.
[0004] Thus, it would be desirable to provide an IGBT
with a diode in a higher reliability package, while avoiding
the risk of the devices moving; and it would be further
desirable to include a temperature sensor that does not
interfere with placement of a heat sink and other compo-
nents.

SUMMARY OF THE INVENTION

[0005] A dual compartment semiconductor package
with temperature sensor, substantially as shown in
and/or described in connection with at least one of the
figures, as set forth more completely in the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006]

Figure 1 illustrates an exemplary circuit, which can
be implemented using a dual compartment semicon-
ductor package, according to one embodiment of the
invention.
Figure 2 illustrates a cross section of an exemplary
dual compartment semiconductor package, accord-
ing to one embodiment of the invention.
Figure 3 illustrates a top view of an exemplary dual
compartment semiconductor package, according to
one embodiment of the invention.
Figure 4 illustrates a cross section of an exemplary
dual compartment semiconductor package mounted
on a substrate, according to one embodiment of the
invention.
Figure 5 illustrates a cross section of an exemplary
dual compartment semiconductor package mounted
on a substrate, according to one embodiment of the
invention.

DETAILED DESCRIPTION OF THE INVENTION

[0007] The present invention is directed to a dual com-
partment semiconductor package with temperature sen-
sor. The following description contains specific informa-
tion pertaining to the implementation of the present in-
vention. One skilled in the art will recognize that the
present invention may be implemented in a manner dif-
ferent from that specifically discussed in the present ap-
plication. Moreover, some of the specific details of the
invention are not discussed in order to not obscure the
invention. The specific details not described in the
present application are within the knowledge of a person
of ordinary skill in the art.
[0008] The drawings in the present application and
their accompanying detailed description are directed to
merely exemplary embodiments of the invention. To
maintain brevity, other embodiments of the invention that
use the principles of the present invention are not spe-
cifically described in the present application and are not
specifically illustrated by the present drawings.
[0009] Figure 1 illustrates circuit 100, which can be im-
plemented using a dual compartment semiconductor
package, according to one embodiment of the invention.
Circuit 100 comprises IGBT 102 and diode 104. As shown
in Figure 1, diode 104 is connected in parallel with IGBT
102. Diode 104 has cathode CD and anode AD. IGBT
102 has collector CIGBT and emitter EIGBT. In circuit 100,
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cathode CD of diode 104 is connected to collector CIGBT
of IGBT 102 at node 106, which is connected to terminal
110. Also in circuit 100, anode AD of diode 104 is con-
nected to emitter EIGBT of IGBT 102 at node 108, which
is connected to terminal 112. IGBT 102 also has gate
GIGBT connected to terminal 114. Circuit 100 shows IGBT
102 and diode 104 being antiparallel, however, in other
embodiments cathode CD can be connected to emitter
EIGBT and anode AD can be connected to collector CIGBT.
In one embodiment, IGBT 102 can comprise a power
switch and diode 104 can comprise a freewheeling diode.
For example, circuit 100 can comprise a high-side, or a
low-side power switch in a phase of a three-phase motor
drive.
[0010] Figure 2 illustrates a cross section of package
200, according to one embodiment of the invention.
Package 200 is a dual compartment semiconductor
package. As shown in Figure 2, package 200 includes
conductive clip 216, IGBT die 202, and diode die 204. In
the present embodiment, conductive clip 216 is a metal
clip and more particularly a copper clip. Conductive clip
216 has compartments 222 and 228, webs 224 and 230,
walls 226a, 226b, 232a, and 232b, extension portions
234a, 234b, 234c, and 234d, contact portions 236a,
236b, and 236c, and groove 240.
[0011] IGBT die 202 comprises gate electrode 258 and
emitter electrode 260 on bottom surface 244 and con-
nected collector electrode 246 on top surface 242. IGBT
die 202 can correspond to IGBT 102 in Figure 1. Thus,
gate electrode 258 can correspond to gate GIGBT, emitter
electrode 260 can correspond to emitter EIGBT and con-
nected collector electrode 246 can correspond to CIGBT
in Figure 1. In some embodiments IGBT die 202 can com-
prise a plurality of respective gate, emitter, and collector
electrodes. Also, in some embodiments, bottom surface
244 can comprise solderable front metal (SFM).
[0012] Diode die 204 comprises anode electrode 262
on bottom surface 252 and connected cathode electrode
254 on top surface 250. Diode die 204 can correspond
to diode 104 in Figure 1. Thus, anode electrode 262 can
correspond to anode AD and connected cathode elec-
trode 254 can correspond to cathode CD in Figure 1. In
some embodiments IGBT die 202 can comprise a plu-
rality of respective anode and cathode electrodes. Also,
in some embodiments, bottom surface 252 can comprise
SFM.
[0013] Package 200 is electrically connecting respec-
tive top surfaces 242 and 250 of IGBT die 202 and diode
die 204. More particularly, a collector of IGBT die 202 is
electrically connected to compartment 222 through top
surface 242 of IGBT die 202 and a cathode of diode die
204 is electrically connected to compartment 228 through
top surface 250 of diode die 204.
[0014] As shown in Figure 2, walls 226a and 226b ex-
tend down from opposing ends of web 224 to define com-
partment 222. Compartment 222 is electrically and me-
chanically connected to top surface 242 of IGBT die 202.
As shown in Figure 2, package 200 includes connected

collector electrode 246, which is electrically and mechan-
ically connected to compartment 222 and comprises con-
ductive material such as solder or conductive epoxy, for
example silver-loaded epoxy, and die attach material 248
mechanically connecting top surface 242 and compart-
ment 222. In some embodiments, IGBT die 202 can com-
prise a plurality of connected collector electrodes on top
surface 242.
[0015] Also shown in Figure 2, walls 232a and 232b
extend down from opposing ends of web 230 to define
compartment 228. Compartment 228 is electrically and
mechanically connected to top surface 250 of diode die
204. As shown in Figure 2, package 200 includes con-
nected cathode electrode 254, which is electrically and
mechanically connected to compartment 228 and com-
prises conductive material such as solder or conductive
epoxy, for example silver-loaded epoxy, and die attach
material 256 mechanically connecting top surface 250
and compartment 228. In the present embodiment, con-
ductive layer 254 is electrically connecting compartment
228 and a cathode of diode die 204. In some embodi-
ments, diode die 204 can comprise a plurality of connect-
ed cathode electrodes on top surface 250.
[0016] Also in conductive clip 216, contact portions
236a, 236b, and 236c each comprise a generally planar
contact surface and can be used to connect package 200
to a substrate. In some embodiments contact portions
236a, 236b, and 236c can each make electrical and me-
chanical contact with conductive traces on the substrate.
In other embodiments, at least one of contact portions
23 6a, 23 6b, and 236c, particularly contact portion 236b,
may not make electrical and/or mechanical contact with
the conductive traces. Also, while contact portions 236a,
236b, and 236c are coplanar in the present embodiment,
in some embodiments only contact portions 236a and
236c may be coplanar. For example, contact portion
236b can be disposed above bottom surfaces 244 and
252 and contact portions 236a and 236c. In some em-
bodiments extension portions 234b and 234c and contact
portion 236b can be continuous and unitary. Also in the
present embodiment, bottom surfaces of contact portions
236a, 236b, and 236c are coplanar with one another and
with bottom surfaces 244 and 252 of IGBT die 202 and
diode die 204. In some embodiments bottom surfaces
244 and 252 may be disposed above at least one of the
bottom surfaces of contact portions 236a, 236b, and
236c.
[0017] In the present embodiment, conductive clip 216
includes extension portions 234a, 234b, 234c, and 234d
connecting and laterally separating contact portions
236a, 236b, and 236c and walls 226a, 226b, 232a, and
232b. For example, extension portion 234b connects and
laterally separates contact portion 236b and wall 226b
and extension portion 234c connects and laterally sep-
arates contact portion 236b and wall 232a. In some em-
bodiments, package 200 does not include at least one
of extension portions 234a, 234b, 234c, and 234d. For
example, contact portion 236a can be directly connected
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to wall 226a, contact portion 236b can be directly con-
nected to walls 226b and 232a, and contact portion 236c
can be directly connected to wall 232b. Also in some
embodiments contact portions 236a, 236b, and 236c
may not be disposed lateral to walls 226a, 236b, and
236c as shown in Figure 2. Rather, for example, contact
portion 236a can be disposed under wall 226a and can
be continuous and unitary with wall 226a.
[0018] In conductive clip 216, groove 240 is formed
between compartments 222 and 228 and can prevent
electrical contact between respective bottom surfaces
244 and 252 of IGBT die 202 and diode die 204. As shown
in Figure 2, groove 240 comprises a trench defined by
contact portion 236b, extension portions 234b and 234c,
wall 226b of compartment 222, and wall 232a of com-
partment 228. Contact portion 236b is under groove 240.
The particular structure of groove 240 shown and de-
scribed with respect to Figure 2 is not intended to limit
groove 240. For example, in other embodiments groove
240 can be rounded or triangular as specific examples.
In some embodiments, groove 240 may not include con-
tact portion 236b and/or extension portions 234b and
234c. In the present embodiment, the top surfaces of
webs 224 and 230 are coplanar and groove 240 extends
below webs 224 and 230.
[0019] By forming groove 240 between compartments
222 and 228, groove 240 can prevent electrical contact
between respective bottom surfaces 244 and 252 of IG-
BT die 202 and diode die 204. For example, groove 240
can maintain separation between IGBT die 202 and diode
die 204. Thus, the risk of electrical shorting due to the
failure of device interconnects and movement of IGBT
die 202 and diode die 204 can be substantially reduced
in relation to conventional approaches. Where the IGBT
has an external temperature sensor, the temperature
sensor can be difficult to place in good thermal contact
with the IGBT and can also interfere with placement of
the heat sink and other components. By electrically and
mechanically connecting compartment 222 to top sur-
face 242 of IGBT die 202 and electrically and mechani-
cally connecting compartment 228 to top surface 250 of
diode die 204, IGBT die 202 and diode die 204 can be
interconnected without bond wires and with short lead
lengths and distances between the devices. Thus, pack-
age 200 can have a small footprint, high current carrying
capability, low inductance, and low resistance. Also,
package 200 allows for convenient placement of an op-
tional external temperature sensor and/or heat sink.
Without bone wires, the heat sink can be arranged to
have good thermal contact to IGBT die 202 and/or diode
die 204 through top surfaces 242 and/or 250.
[0020] It is noted that in other embodiments, IGBT die
202 and/or diode die 204 can be electrically and mechan-
ically connected to compartments 222 and 228 in a man-
ner different from the embodiment shown and described
with respect to Figure 2. As an example, in one embod-
iment anode electrode 262 can be on top surface 250 of
diode die 204. Furthermore, while Figure 2 shows IGBT

die 202 and diode die 204, in other embodiments IGBT
die 202 and diode die 204 can comprise other electrical
components and do not necessarily comprise an IGBT
and a diode respectively.
[0021] Referring now to Figure 3, Figure 3 illustrates
a top view of package 300, according to one embodiment
of the invention. Cross section 2-2 indicated in Figure 3
can correspond to the cross section of package 200
shown in Figure 2. Figure 3 shows conductive clip 316,
webs 324 and 330, walls 326a, 326b, 332a, and 332b,
extension portions 334a, 334b, 334c, and 334d, contact
portions 336a, 336b, and 336c, IGBT die 302, and diode
die 304 corresponding respectively to conductive clip
216, webs 224 and 230, walls 226a, 226b, 232a, and
232b, extension portions 234a, 234b, 234c, and 234d,
contact portions 236a, 236b, and 236c, IGBT die 202,
and diode die 204 in Figure 2. In Figure 3, IGBT die 302
and diode die 304 are disposed under respective webs
324 and 330 and are indicated by respective dotted out-
lines.
[0022] According to one embodiment, package 300 is
a dual can semiconductor package including cans 364
and 366. Can 364 includes web 324 and walls 326a,
326b, 326c, and 326d, which extend down from web 324
and surround IGBT die 302. Can 366 includes web 330
and walls 332a, 332b, 332c, and 332d, which extend
down from web 330 and surround diode die 304. Dashed
lines in Figure 3 indicate -inner boundaries of walls 226a,
226b, 226c, 226d, 332a, 332b, 332c, and 332d.
[0023] As shown in Figure 3, groove 340 is formed
between can 364 and 366. Groove 340 can separate
IGBT die 302 and diode die 304. In the present embod-
iment, groove 340 extends along the length of cans 364
and 366. In some embodiments groove 340 may not be
continuous as shown in Figure 3 and may not completely
separate cans 364 and 366. Although Figure 3 shows
cans 364 and 366 as being the same size, cans 364 and
366 can be different sizes with respect to one another.
Furthermore, IGBT die 302 and diode die 304 can be
different sizes with respect to each other and cans 364
and 366. Also, it is noted that in some embodiments,
package 300 does not include walls 326c, 326d, 332c,
and 332d, but still may include walls 326a, 326b, 332a,
and 332b.
[0024] Turning now to Figure 4, Figure 4 illustrates a
cross section of package 400 mounted on substrate 470,
according to one embodiment of the invention. Package
400 can correspond to package 200 mounted on a sub-
strate. Figure 4 shows IGBT die 402, diode die 404, and
conductive clip 416 corresponding respectively to IGBT
die 202, diode die 204, and conductive clip 216 in Figure
2. Figure 4 also shows substrate 470 having conductive
traces 472a, 472b, 472c, 472d, 472e, and 472f (also re-
ferred to herein as conductive traces 472a-f) formed ther-
eon. Substrate 470 can comprise, for example, ceramic,
aluminum nitride, or other substrate materials. In the
present embodiment, conductive traces 472a-f can com-
prise copper bonded to substrate 470 to form a direct
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bonded copper (DBC) structure. Figure 4 shows package
400 mounted to the DBC structure.
[0025] Figure 4 also shows connected contact portions
474a, 474d, and 474f, which correspond to contact por-
tions 236a, 236b, and 236c in Figure 2 connected to re-
spective conductive traces 472a, 472d, and 472f. Con-
nected contact portions 474a, 474d, and 474f are elec-
trically and mechanically connected to substrate 470 and
comprise conductive material such as solder or conduc-
tive epoxy, for example silver-loaded epoxy. Figure 4 also
shows connected gate electrode 474b, connected emit-
ter electrode 474c, and connected anode electrode 474e,
corresponding to gate electrode 258, emitter electrode
260, and anode electrode 262 in Figure 2 connected to
respective conductive traces 472b, 472c, and 472e. Con-
nected gate electrode 474b, connected emitter electrode
474c, and connected anode electrode 474e are electri-
cally and mechanically connected to substrate 470 and
comprise conductive material such as solder or conduc-
tive epoxy, for example silver-loaded epoxy. In some em-
bodiments IGBT die 402 and diode die 404 can comprise
SFM.
[0026] Package 400 enables IGBT die 402 and diode
die 404 to be interconnected with short lead lengths and
distances between the devices. In the present embodi-
ment, conductive clip 416 corresponds to node 106 in
Figure 1. Conductive traces 472c and 472e are electri-
cally connected, can comprise a single conductive trace
on substrate 470, and collectively correspond to node
108 in Figure 1. Also, conductive trace 472b corresponds
to terminal 114 in Figure 1. Thus, IGBT die 402 and diode
die 404 can be interconnected to form circuit 100 in Figure
1. In the present embodiment, connected contact portion
474d, which is under groove 440, is connected to sub-
strate 470. In Figure 4, connected contact portion 474d,
which is under groove 440, is electrically connected to
conductive trace 472d on substrate 470 and is configured
as an electrical contact of package 400, which advanta-
geously reduces contact resistance.
[0027] IGBT die 402 and diode die 404 may become
very hot, for example, during operation as a power switch.
As a result, connected gate electrode 474b, connected
emitter electrode 474c, and connected anode electrode
474e may fail allowing for IGBT die 402 and diode die
404 to move. However, groove 440 can advantageously
maintain separation between IGBT die 402 and diode die
404. Thus, groove 440 can prevent electrical contact be-
tween respective bottom surfaces of IGBT die 402 and
diode die 404. As such, the risk of electrical shorting due
to the failure of device interconnects and movement of
IGBT die 402 and diode die 404 can minimized.
[0028] As discussed above with respect to Figure 2,
package 200 allows for convenient placement of an op-
tional external temperature sensor. In the present em-
bodiment, package 400 includes temperature sensor 476
that is disposed within groove 440 and below the top
surface of package 400 (in some embodiments, temper-
ature sensor 476, can be placed over groove 440 or, in

general, adjacent to groove 440). As temperature sensor
476 is in good temperature contact with conductive clip
416, which itself is in good temperature contact with IGBT
die 402, temperature sensor 476 can measure a temper-
ature of IGBT die 402. In some embodiments tempera-
ture sensor 476 can measure a temperature of diode die
404. Temperature sensor 476 can comprise any suitable
temperature sensor, such as a positive temperature co-
efficient (PTC) thermistor, a negative temperature coef-
ficient (NTC) thermistor, and a chip resistor.
[0029] Figure 4 shows temperature sensor 476 em-
bedded in filler material 478, which can fill groove 440.
Filler material 478 can be deposited over temperature
sensor 476 and planarized. In some embodiments filler
material 478 comprises thermally conductive material.
Also in some embodiments filler material 478 comprises
electrically conductive material. In some embodiments
filler material 478 comprises thermally and/or electrically
insulating material.
[0030] Thus, as shown in Figure 4, package 400 in-
cludes temperature sensor 476 external to IGBT die 402
configured to monitor a temperature of IGBT die 402. As
temperature sensor 476 is external to IGBT die 402, the
size and manufacturing cost of IGBT die 402 can be re-
duced. Additionally, temperature sensor 476 can accu-
rately measure a temperature without substantial inter-
ference from a noisy environment produced by switching
IGBT die 402. Also, by including groove 440, temperature
sensor 476 can be easily placed without increasing the
size of package 400 and without interfering with place-
ment of other components. For example, by including
temperature sensor 476 within groove 440, an optional
heat sink can easily be connected to package 400, which
will be described in further detail with respect to figure 5.
[0031] Referring now to Figure 5, Figure 5 illustrates
a cross section of package 500 mounted on substrate
570, according to one embodiment of the invention.
Package 500 can correspond to package 200 in Figure
2 and package 400 in Figure 4. Figure 5 shows IGBT die
502, diode die 504, conductive clip 516, webs 524 and
530, compartments 522 and 528, groove 540, top sur-
faces 542 and 550, connected collector electrode 546,
connected cathode electrode 554, and substrate 570 cor-
responding respectively to IGBT die 202, diode die 204,
conductive clip 216, webs 224 and 230, compartments
222 and 228, groove 240, top surfaces 242 and 250,
connected collector electrode 246, connected cathode
electrode 254 in Figure 2. Figure 5 also shows substrate
570 corresponding to substrate 470 in Figure 4.
[0032] Figure 5 also shows heat sink 580 situated over
groove 540. In the present embodiment, heat sink 580
has bottom surface 584, which is coplanar with top sur-
faces of webs 524 and 530. Heat sink 580 can comprise
any suitable heat sink, and can comprise one or more
layers including a metal, a metal alloy, a metal oxide, a
metal nitride, a ceramic material, an organic material,
and combinations thereof. In one embodiment heat sink
580 comprises a DBC heat sink. Heat sink 580 is ther-
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mally connected to compartments 522 and 528 of con-
ductive clip 516. IGBT die 502 and diode die 504 are also
thermally connected to compartments 522 and 528 of
conductive clip 516. In the present embodiment, connect-
ed collector electrode 546 and connected cathode elec-
trode 554 each comprise thermally conductive material
which can cover the majority of respective top surfaces
542 and 550. Thus, IGBT die 502 and diode die 504 are
in good thermal contact with conductive clip 516 and heat
sink 580.
[0033] Also in the present embodiment, as IGBT die
502 and temperature senor 576 are each in good thermal
contact with conductive clip 516, temperature sensor 576
can measure a temperature of IGBT die 502 while re-
maining external to IGBT die 502. Furthermore, because
temperature sensor 576 is within groove 540, heat sink
580 can easily be connected to package 500. As shown
in Figure 5, heat sink 580 is over temperature sensor
576. Figure 5 shows filler materials 578 and 582 in groove
540. In the present embodiment filler material 578 is ther-
mally conductive and can be electrically insulative. Thus,
thermal contact with conductive clip 516 can be im-
proved. However, filler material 582 is thermally insula-
tive and is configured to thermally insulate temperature
sensor 576 and heat sink 580. As such, filler material 582
can improve the accuracy of a temperature measurment
of IGBT die 502. In some embodimnets temperature sen-
sor 576 can be thermally and electrically insulated from
heat sink 580 by an air pocket (not shown in Figure 5).
Thus, as described above, heat sink 580 can be thermally
connected to conductive clip 516 and thermally insulated
from temperature sensor 576. It is noted that some em-
bodimnets may include heat sink 580 without tempera-
ture sensor 576. However, groove 240 can still optionally
include filler material 582 and/or 578.
[0034] In the present embodiment, heat sink 580 is not
electrically connected to conductive clip 516 and is over
webs 524 and 530. Thus, heat sink 580 can protect pack-
age 500 from electrical by covering webs 524 and 530,
which are electrically conductive. Furthermore, heat sink
580 can provide rigidity to package 500 and can abate
heating of package 500 to reduce the risk of interconnect
failure.
[0035] Thus, as discussed above, in the embodiments
of Figures 1 through 5, the present invention can provide
for a dual compartment semiconductor package for an
IGBT and a diode. The dual compartment semiconductor
package can include a groove formed between first and
second compartments to prevent electrical contact be-
tween respective bottom surfaces of the IGBT and the
diode by maintaining separation between the IGBT and
the diode. As such, the risk of electrical shorting due to
failure of device interconnects and movement of the IGBT
and the diode can be minimized. Also, the dual compart-
ment semiconductor package can allow for interconnec-
tion between the IGBT and the diode without bond wires.
An external temperature sensor can optionally be situat-
ed over the groove for measuring a temperature of the

dual compartment semiconductor package. The external
temperature sensor is convinient to place without in-
creasing the size of the dual compartment semiconductor
package. Also, an optional heat sink can easily be ther-
mally connected to the IGBT and the diode.
[0036] From the above description of the invention it
is manifest that various techniques can be used for im-
plementing the concepts of the present invention without
departing from its scope. Moreover, while the invention
has been described with specific reference to certain em-
bodiments, a person of ordinary skill in the art would ap-
preciate that changes can be made in form and detail
without departing from the spirit and the scope of the
invention. Thus, the described embodiments are to be
considered in all respects as illustrative and not restric-
tive. It should also be understood that the invention is not
limited to the particular embodiments described herein
but is capable of many rearrangements, modifications,
and substitutions without departing from the scope of the
invention.

Claims

1. A dual compartment semiconductor package com-
prising:

a conductive clip having first and second com-
partments;
said first compartment electrically and mechan-
ically connected to a top surface of a first die;
said second compartment electrically and me-
chanically connected to a top surface of a sec-
ond die;
a groove formed between said first and second
compartments, said groove preventing contact
between said first and second dies;
said dual compartment package electrically con-
necting said top surface of said first die to said
top surface of said second die.

2. The dual compartment semiconductor package of
claim 1, wherein said first die comprises an insulat-
ed-gate bipolar transistor (IGBT).

3. The dual compartment semiconductor package of
claim 1, wherein said second die comprises a diode.

4. The dual compartment semiconductor package of
claim 1, wherein said first die comprises an IGBT, a
collector electrode of said IGBT on said top surface
of said first die and a gate electrode and an emitter
electrode of said IGBT on a bottom surface of said
first die.

5. The dual compartment semiconductor package of
claim 1, wherein said conductive clip comprises a
contact portion under said groove, said contact por-
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tion configured to connect to a substrate.

6. The dual compartment semiconductor package of
claim 1, comprising a temperature sensor situated
over said groove for measuring a temperature of said
dual compartment semiconductor package.

7. The dual compartment semiconductor package of
claim 1, comprising a heat sink over said groove.

8. The dual compartment semiconductor package of
claim 1, comprising a heat sink thermally connected
to said first and second compartments.

9. A dual compartment semiconductor package com-
prising:

a conductive clip having first and second com-
partments;
said first compartment electrically and mechan-
ically connected to a top surface of said first die;
said second compartment electrically and me-
chanically connected to a top surface of said
second die;
a groove formed between said first and second
compartments;
said dual compartment package electrically con-
necting said top surface of said first die to said
top surface of said second die;
a temperature sensor situated adjacent to said
groove for measuring a temperature of said dual
compartment semiconductor package.

10. The dual compartment semiconductor package of
claim 9, wherein said first die comprises an insulat-
ed-gate bipolar transistor (IGBT).

11. The dual compartment semiconductor package of
claim 9, wherein said second die comprises a diode.

12. The dual compartment semiconductor package of
claim 9, wherein said temperature sensor is external
to said first die and is configured to measure a tem-
perature of said first die.

13. The dual compartment semiconductor package of
claim 9, wherein said temperature sensor is within
said groove.

14. The dual compartment semiconductor package of
claim 9, comprising a heat sink over said tempera-
ture sensor.

15. The dual compartment semiconductor package of
claim 9, comprising a heat sink thermally connected
to said first and second compartments.

16. The dual compartment semiconductor package of

claim 9, comprising a heat sink thermally connected
to said conductive clip and thermally insulated from
said temperature sensor.
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